ABSTRACT
INTRODUCTION
Papillomatosis is a benign proliferative tumor of cutaneous and mucosal epithelia that is commonly found in cattle. The disease affects mainly young animals up to two years of age; however, cattle of all ages can develop such lesions (Campo and Jarret, 1994; Jelínek and Tachezy, 2005) . While hundreds of papillomavirus (PV) types have been described in humans, only ten bovine papillomavirus (BPV) types (BPV-1 to -10) are recognized (de Villiers et al., 2004; Ogawa et al., 2007; Tomita et al., 2007; Hatama et al., 2008) . Nevertheless, through the use of PCR with general primers for L1 followed by direct sequencing of the amplicons, sixteen putative new BPV types were described in cattle from Sweden, Japan, and Brazil in the last few years (Antonsson and Hansson, 2002; Ogawa et al., 2004; Claus et al., 2008) . In Brazil, despite the high frequency of skin warts in bovines, studies involving both BPV genotyping and the evaluation of BPV infection prevalence are uncommon. In addition, most studies that aim for viral genotyping have been based on a PCR assay with type-specific primers (Santos et al., 1998; Wosiacki et al., 2005; . However, recent investigations employing the degenerate FAP primers have demonstrated the occurrence of considerable viral diversity in BPV infections throughout Brazilian cattle herds (Claus et al., 2007; 2009a/b) . Despite the frequent description of multiple human papillomavirus (HPV) infections in humans, studies involving the evaluation of the occurrence of mixed BPV infections are still sporadic in veterinary medicine. The aim of this study is to describe the occurrence of multiple BPV infections in cattle affected by cutaneous papillomatosis.
MATERIALS AND METHODS

Papilloma specimens
Fifteen papilloma specimens were collected from at least two different body sites of six bovines with cutaneous papillomatosis belonging to three cattle herds from northern region of Parana state in southern Brazil. The clinical specimens were taken by hand (wearing gloves, changed for each sample), packed individually, and maintained at 4°C until the DNA extraction procedure was completed. Fragments from each skin wart were triturated in phosphate-buffered saline solution (PBS pH 7.2), and the suspensions (10−20%, w/v) were centrifuged for 15 min at 3000 x g at 4°C. Aliquots (250 µL) of the supernatant were treated with lysis buffer [10 mM Tris; 1 mM EDTA; 0.5% Nonidet P40; 1% SDS; and 0.2 mg/mL proteinase K (Invitrogen, Life Technologies, USA)]. After homogenization, the samples were incubated at 56°C for 30 min.
DNA extraction
For DNA extraction, a combination of the phenol/chloroform/isoamyl alcohol and the silica/guanidine isothiocyanate methods was performed according to Alfieri et al. (2006) . Briefly, fractions from each sample were treated with an equal volume of phenol/chloroform/isoamyl alcohol (25:24:1), homogenized, and heated at 56°C for 15 min (Sambrook and Russell, 2001) . After centrifugation at 10,000 x g for 10 min, the aqueous phase was processed according to the silica/guanidine isothiocyanate method (Boom et al., 1990) . DNA was eluted in 50 µL of sterile ultrapure (MilliQ ® ) water and kept at −20°C until use. Aliquots of sterile ultrapure water were included as negative control in the DNA extraction procedures.
PCR assay
The PCR assay was carried out using the primer pair FAP59 (forward; 5'-TAACWGTIGGICAYCCWTATT-3') and FAP64 (reverse;
5'-CCWATATCWVHCATITCICCATC-3') according to Forslund et al. (1999) , with slight modifications (Claus et al., 2007) . A 5 µL aliquot of each PCR products was analyzed by electrophoresis on a 2% agarose gel in TBE buffer, pH 8.4 (89 mM Tris; 89 mM boric acid; 2 mM EDTA) at a constant voltage (90V) for approximately 45 min. The gel was stained with ethidium bromide (0.5 µg/mL) and visualized under UV light.
Sequence analysis
Initially, all PCR products were purified using the PureLink Quick Gel Extraction Kit (Invitrogen, Life Technologies, USA). After purification, direct sequencing was performed using the DYEnamic ET dye terminator cycle sequencing kit (GE Healthcare, UK) with the FAP59 and FAP64 primers in a MegaBACE 1000/Automated 96 Capillary DNA Sequencer (GE Healthcare, UK), according to the manufacturer's instructions. The obtained sequences were examined with PHRED software for quality analysis of the chromatogram readings. The sequences were accepted if the base quality was equal to or greater than 20. Consensus sequences were determined by CAP3 software and the sequence identity was verified with all sequences deposited in GenBank using BLAST software.
Cloning
For the amplicons that were revealed as putative new BPV types by the prior analysis (Claus et al., 2008) , cloning using the TOPO TA Cloning kit for Sequencing (Invitrogen, Life Technologies, USA) was carried out according to the manufacturer's instructions. Sequencing in both directions, using M13 forward and reverse primers, of plasmid DNA from two selected clones of each PVpositive sample was performed. The alignment and the degree of similarity among the sequences were obtained using BioEdit version 5.0.9 software (Hall, 1999) .
RESULTS AND DISCUSSION
PV DNA was detected in all 15 papilloma specimens evaluated using the FAP PCR assay, resulting in amplicons of approximately 480 bp in length. The negative control for PCR amplification resulted in no amplified product. Sequence analysis of the obtained amplicons allowed the identification of four characterized BPV types (BPV-1, -2, -6, and -8) and of three previously described putative new BPV types (BPV/BR-UEL3, BPV/BR-UEL4, and BPV/BR-UEL5) in different mixed infection patterns (table 1). The skin warts in which the putative new BPV types were detected were the same samples employed by Claus et al (2008) in the description of these viruses in Brazilian cattle herds. Double infections were identified in four (A, B, D, and E) of the six animals included in this study. In animal F, from which three skin warts were analyzed, two different BPV types could be detected. Regarding animal C, in which four different cutaneous lesions were taken, three BPV types were identified. In animals C, D, and F, at least one of the identified BPV types was a putative new BPV type described by Claus et al. (2008) . Therefore, we could identify five different combinations of multiple infections occurring in six animals. This result clearly shows the multiplicity of the BPV infections in the animals and the herds evaluated. The cattle herds included in this evaluation were from distinct geographical regions of the Paraná state, each separated by a distance of approximately 200 kilometers. Moreover, the papilloma specimens were collected over a period of two years. Given the geographical and temporal characteristics of our sampling, it is probable that the cases described in this study did not represent sporadic outbreaks of cutaneous papillomatosis. Instead, these findings suggest that the occurrence of multiple BPV infection may be widespread throughout cattle herds from the Paraná state in Brazil. Since the cutaneous papillomatosis verified in different Brazilian cattle herds displays similar clinical profiles, it is likely that multiple infections may occur in other Brazilian geographical regions. Although the BPV-6 has been frequently associated with papillomas from the teat, in this study we found this BPV type in cutaneous lesions with different macroscopic aspects in distinct anatomical sites (table 1) . (Claus et al., 2008) .
Currently the use of PCR assay with general primers for the L1 gene, followed by sequencing, has allowed the immediate identification of PV types and putative new PV types in human and animal hosts. This strategy has also allowed the identification of multiple infections and coinfection by distinct PV types in the same host (Forslund et al., 1999; Antonsson and Hansson, 2002; Ogawa et al., 2004; Maeda et al., 2007) . Investigations in human beings have pointed to the occurrence of HPV mixed infection in different tumors collected from the same patient (Astori et al., 1997; Bens et al., 1998; Kay et al., 2002) . On the other hand, studies with the aim of identifying BPV types associated with different skin warts from individual animals have not been performed. In the current study, the strategy adopted to evaluate cutaneous lesions of diverse anatomical regions of the same animal, allowed the identification of mixed infections with two or three different BPV types. Additionally, the analysis of four animals belonging to a single cattle herd revealed the presence of six different viral types. These results suggest that both multiple papillomaviral infections and high viral diversity can be as frequent in cattle as in human hosts. In addition, as demonstrated in table 1, the following findings could be verified: i) the occurrence of several BPV types in a specific anatomical region; ii) the detection of the same viral type in distinct body sites; iii) a specific BPV type determining cutaneous lesions with diverse gross aspects; and iv) diverse viral types being able to cause skin lesions with similar morphological characteristics. Although benign lesions normally regress spontaneously, the persistence of skin warts has been seen in a large number of animals. According to our findings, this observation could be explained by the occurrence of multiple infections without cross-reactive immunity. 
